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Introduction
Evidence indicates that humans prefer opposite sex faces that align with sex-typicality (i.e., men prefer feminine faces; women prefer masculine faces) for sexual relationships, where such preferences are thought to represent an adaptive strategy for securing mates with greater immunocompetence or fertility advantages (Gangestad & Scheyd, 2005; Lee et al., 2013; Little et al., 2007; Little et al., 2008; O'Connor et al., 2013; Wheatley et al., 2014) . Other evidence suggests that facial preferences may also vary as a function of the perceiver's circulating hormone levels, perhaps helping to facilitate mating goals. For example, women show the greatest preferences for masculinity in men's faces when they are at peak fertility, and when their testosterone levels are high (Bobst et al., 2014; Little & Jones, 2012; Penton-Voak & Perrett, 2000; Welling et al., 2007 , see Gildersleeve et al., 2014 for meta analysis), which may function to increase offspring health through transmission of superior genes (Gangestad et al., 2004; Johnston et al., 2001 ).
In ancestral environments, the ability to determine the quality of a mate from physical appearance would have afforded survival or reproductive advantages to those who exploited these signals Little, 2014) . The finding that men generally prefer feminine faces (e.g., Jones et al., 2007; Komori et al., 2009; O'Connor et al., 2013) and that facial femininity is correlated with judgments of attractiveness and health by opposite sex individuals (Law Smith et al., 2006; Röder et al., 2013) as well as certain health indices and/or estrogen levels (Gray & Boothroyd, 2012; Jones et al., 2015; Thornhill & Gangestad, 2006; van Anders, 2010) , longevity (Henderson & Anglin, 2003) , and fertility (e.g., Jokela, 2009; Roberts et al., 2003) suggests that facial femininity may represent one such cue.
A C C E P T E D M A N U S C R I P T ACCEPTED MANUSCRIPT TESTOSTERONE AND FACIAL PREFERENCES 4
Recently, researchers have examined factors that map onto variability in men's preferences for facial femininity. For example, men scoring high on sensation seeking demonstrate greater preferences for feminine faces (Jones et al., 2007) and men who rate themselves as more attractive show a greater preference for femininity in short-term versus longterm mating contexts (Burriss et al., 2011) . Other recent work has explored the role of men's endogenous testosterone (T) in modulating preferences for facial femininity. To the best of our knowledge, the only study that directly examined this relationship was conducted by Welling et al. (2008) , whereby male participants entered the lab on two separate occasions for a facial preferences task, and provided saliva samples for the assessment of T. Each day, participants were asked to rate pairs of masculinized and feminized faces (1 masculinized and 1 feminized per pair) for their degree of attractiveness. Results showed that attractiveness ratings for the feminine female faces (but not feminine male faces) were highest on the day in which the participants had higher basal T-levels, suggesting that men may be more attracted to females who signal greater health or fertility when T-levels are high relative to low. One other study tacitly suggests that men's facial femininity preferences vary as a function of their T-levels: Welling et al. (2013) examined men's facial preferences following a competitive interaction, whereby participants were assigned to win or lose a first-person shooter video game against an unseen male confederate. Results revealed that winners showed an overall greater preference for feminine faces relative to losers. Additionally, for winners, femininity preferences in the shortterm context were significantly higher than for the long-term context, whereas this difference was not present among losers. Because T-levels typically rise in winners relative to losers (e.g., Archer, 2006; Carré & Olmstead, 2015) , stronger preferences in winners may have been mediated by changes in their T-levels .
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Effective mating strategies are also argued to depend on relationship context. Feminine women are rated as more attractive, more intrasexually competitive, and more willing to engage in short-term mating (Fink et al., 2014) . Furthermore, they show a greater interest in unrestricted sexual relationships (Boothroyd et al., 2008) , and are perceived as more promiscuous (Brewer & Archer, 2007; Little et al., 2013) and as more likely to seek extra-pair copulations (i.e., cheat on a partner). Thus, differential preferences for feminine women across mating contexts (e.g., Burriss et al., 2011; Little et al., 2013) may represent a trade-off between the likelihood of successfully reproducing with a healthy, feminine partner in a short-term relationship, while avoiding the potential for partner defection in a long-term relationship, as well as avoiding the difficulty of defending a sexually attractive mate from other men. However, the extent to which T-levels influence men's shifts in preferences for facial femininity across mating contexts remains untested.
Although studies investigating basal T-levels and facial preferences can provide important information about hormonal associations with mating preferences, the correlational nature of these studies precludes the possibility of establishing causal relationships. This problem can be overcome by manipulating T levels via pharmacological challenge-a rapidly emerging line of research (reviewed in Bos et al., 2012) . Evidence for varied partner preferences across mating contexts, coupled with the limited and strictly correlational research on men's T levels in relation to their femininity preferences, calls for an experimental protocol. Thus, the present paper employed 2 experiments (Experiment 1: within-subjects; Experiment 2: between-subjects) in double blind, placebo-controlled T-administration paradigms, in order to temporarily elevate T-concentrations in healthy young men, and subsequently measure their preferences for female facial femininity across both short-and long-term mating contexts. Based on previously
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TESTOSTERONE AND FACIAL PREFERENCES 6 reviewed work suggesting that feminine faces are associated with judgments of health and fertility (e.g., Law Smith et al., 2006; Röder et al., 2013) , as well as other work showing that Tlevels are positively associated with mating success (e.g., Peters et al., 2008) , and heightened attraction to feminine faces (Welling et al., 2008) , men in the present experiments were expected to demonstrate a heightened preference for feminized female faces following T-administration, compared to the placebo condition. Additionally, the preference for feminine female faces in the T condition was expected to be more pronounced for contexts relating to short-term, rather than long-term relationships (Burris et al., 2011; , in light of the potential trade-off between attraction to a healthy and fertile partner who is willing to engage in short-term mating (i.e., more feminine face), and a faithful long-term partner who potentially poses less risk for partner defection (i.e., less feminine face).
Experiment 1

Methods
Participants. Our sample consisted of 30 healthy young men between the ages of 18 and 35 (Mean age = 21.21, SD = 2.19) who were part of a larger T-administration protocol at Nipissing University (n = 28 Caucasian, n = 1 Latin American, n = 1 First Nations/Aboriginal).
Prior to enrollment in the study, each prospective participant was interviewed to determine his eligibility. Exclusion criteria for participants included the following: receiving prescription medication affecting hormone concentrations; taking performance enhancing substances; current diagnosis of a psychiatric disorder; diagnosed heart condition; and membership on a sports team or organization where T was a banned substance. Participants who qualified for the protocol consented to providing blood samples for future hormonal assay, as well as to having their Tlevels temporarily manipulated. The study was approved by the Nipissing University Research
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Ethics Board under protocol #140609, and each participant provided informed consent prior to the commencement of the protocol. Because of the inherently heterosexual nature of this protocol (i.e., rating opposite sex faces for partner attractiveness), non-heterosexual participants were removed prior to analysis (n = 2). Finally, data for 4 participants were lost due to computer malfunction. Thus, our final sample size for analyses was n = 24.
Stimuli. In line with previous work investigating sexually-dimorphic face preferences (DeBruine et al., 2006; Jones et al., 2007; Welling et al., 2007 Welling et al., , 2008 Welling et al., , 2013 , the present study used prototype-based image transformations in order to objectively manipulate sexual dimorphism of 2D shape in facial images, creating masculinized and feminized images of the same individual that are matched for other variables (e.g., skin color, identity, texture : Rowland & Perrett, 1995) . Briefly, prototype images (i.e., an average male face and an average female face) were created by averaging a group of male and a group of female images via widely-used computational methods in face perception studies (e.g., Jones et al., 2005; Penton-Voak et al., 1999; Welling et al., 2007) . Once prototypes are established, individual stimuli are created by adding or subtracting a percentage of the differences in position between the prototype images from the corresponding points on a third face (for technical details see Rowland & Perrett, 1995; Tiddeman, Burt, & Perrett, 2001) .
For the present study, 50% of the linear differences in 2D shape between symmetrized male and female prototypes were either added or subtracted from 20 young Caucasian female adults (Mean age = 20.52 year, SD = 2.78), creating 40 images (i.e., 20 pairs, with each pair including one masculinized and one feminized version of the same individual). The resulting images were subjected to a manipulation check in previous work, and were rated by an independent group of observers as representing ecologically valid representations of feminine or A C C E P T E D M A N U S C R I P T
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TESTOSTERONE AND FACIAL PREFERENCES 8 masculine faces (Welling et al., 2007 (Welling et al., , 2008 . See Figure 1 for an example of masculinized and feminized stimuli. . We chose this time-course for the assessment of face preferences as previous pharmacokinetic work indicates that T concentrations begin to rise 2 hours after gel application and peak concentrations occur 3 hours after application (Eisenegger et al., 2013) . Moreover, recent evidence suggests that a single administration of T can rapidly (within 45 to 90 min) modulate brain function (see Goetz et al., 2014; van Wingen et al., 2008) .
Day 3 took place two weeks following Day 2 and was identical in nature to Day 2 described above, with the exception that participants received whichever drug they did not receive on their
TESTOSTERONE AND FACIAL PREFERENCES 9 original testing day (AndroGel® or placebo). At the conclusion of Day 3 of testing, participants were asked whether they believed they received testosterone on the 2 nd or 3 rd day of testing. A binomial test indicated that participants were no better than chance at guessing which day they received testosterone (p = .10).
Prior to performing the facial femininity task, participants completed other tasks for hypotheses unrelated to the present study. These tasks included the ‗Reading the Mind in the Eyes' task , ‗Pick Your Own Face' task (Welling et al., 2016 ), risk-preference task, moral decision-making task (Arnocky et al., 2016) , emotion recognition task, and selective visual attention tasks (inhibition of return) 1 . Please choose which of the two photographs you feel is most ATTRACTIVE for a LONG-TERM RELATIONSHIP by clicking on the face you prefer. A long-term relationship refers to a committed relationship, such as marriage."
Face preferences task.
Initial Processing of Data
Hormone assays. Blood samples were assayed for total-T concentrations using commercially-available enzyme immunoassay kits (DRG International). As standard procedure, all samples were assayed in duplicate, and the averages of the duplicates were recorded for statistical analyses. The intra-and inter-assay coefficients of variation were 4.19% and 5.34%, respectively. The analytical sensitivity of the testosterone assay is .085 ng/mL.
Face preferences.
For each participant, the number of trials in which the more feminine face from each pair was chosen, was calculated for each context (short-term vs. long-term) and drug (testosterone vs. placebo). 
Results and Discussion
Testosterone Concentrations
Femininity Preferences
One sample t-tests comparing the number of times the feminine versions of the female faces were chosen against the chance value of 10 revealed that participants chose the feminine 2 Eta-squared ( 2 ) and partial eta-squared ( 2 p ) are not particularly well-suited for making comparisons across studies with different designs (e.g., within-subject design vs. between-subject design; Fritz, Morris & Richler, 2012) . The generalized eta-squared ( 2 G ) is a more appropriate measure of effect size for repeated measures and/or mixed factor designs and when one wishes to compare effect sizes across different experimental designs (Olejnik & Algina, 2003; Bakeman, 2005) . Thus, we report  2 G as an estimate of effect size for ANOVAs. We also report Cohen's D (Cohen, 1988) for simple group comparisons (paired sample t-tests and independent sample t-tests). Specifically, there was a stronger preference for facial femininity in the short-term mating context versus long-term mating context after T [t(11) = 3.54, p = .005, Cohen's D = 1.11), but not P (t(11) = -.12, p = .91, Cohen's D = -.03]. This effect was driven by a weaker preference for facial femininity in the long-term mating context for T (M = 13.50, SE = 1.27) relative to P (M = Figure 3) .
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Results of Experiment 1 indicate that 1) regardless of mating context, participants preferred feminine female faces significantly more than masculine female faces; 2) preferences for feminine female faces were significantly higher in the short-term context than the long-term context; 3) this effect was particularly robust after T administration; and 4) the effect of T on preferences for facial femininity in short-term versus long-term mating contexts was exclusively found among men who received P on the first test session, and T on the second test session.
Although there are considerable strengths associated with within-subject designs (e.g., increased power of having participants serve as their own control), there are also limitations. For instance, it is difficult to interpret the significant Order of Drug Administration by Drug by
Context interaction observed in the current study. One possibility is that this order-dependent effect is spurious, especially in light of the small sample sizes used when splitting analyses by order of drug administration (n = 12 men per condition). Another possibility is that the novelty of the research environment (blood draws, drug administration, travelling from Urologist's office to novel research environment) may have increased stress levels, and this may have in turn ultimately blocked the context-dependent effect of T. Indeed, a growing body of work indicates that endogenous T positively correlates with several behavioral outcomes (e.g., dominance, risktaking), but only among individuals with relatively low cortisol levels (Mehta & Josephs, 2010; Mehta et al., 2015) . Another limitation of Experiment 1 was the absence of a blood sample directly before the facial femininity task. We based our timing of behavioral assessment on previous research indicating that a single 150 mg dose of Androgel® led to increased T
TESTOSTERONE AND FACIAL PREFERENCES 14 concentrations in healthy young men for up to 7 hours after drug administration (Eisenegger et al., 2013) . Nevertheless, results from Experiment 1 indicate that T concentrations peaked more rapidly compared to previous work (60 mins vs. 180 mins; Eisenegger et al., 2013) .
To address these limitations, we employed a second experiment using a between-subjects design to examine the extent to which the Drug x Context interaction is robust, while simultaneously ruling out any potential order effects. In Experiment 2, we collected additional blood samples throughout the protocol, including a final blood draw immediately prior to the facial rating task to verify that blood serum levels remained significantly elevated directly before testing.
Experiment 2 Method
Participants. Our sample consisted of 120 healthy young men between the ages of 18 and 35 (Mean age = 25.27 years, SD = 4.98) who were part of a larger T-administration protocol run at a medical research facility in Sudbury, Ontario. Subjects were recruited from advertising on local media sites, through medical research participant databases, as well as through local colleges and universities. Prior to enrollment in the study, each prospective participant was interviewed to determine his eligibility. Exclusionary criteria were identical to Experiment 1.
Participant ethnicities were self-reported as follows: 77.5% Caucasian, 13.1% First Nations/Aboriginal, 4.1% Asian, 1.7% Latin American, and 3.3% Other. Each participant provided informed consent prior to the commencement of the protocol. Because of the inherently heterosexual nature of this protocol (i.e., rating opposite sex faces for partner attractiveness), non-heterosexual participants were removed prior to analysis (n = 11). Additionally, individuals
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were removed who had femininity ratings more than 3 standard deviations below the mean (n = 2), did not complete the task (n = 3), or only rated faces for one of the two contexts (n = 11).
Therefore, the final sample size for the present study was 93 (T n = 48; Placebo n = 45).
Stimuli
The feminine and masculine pairs were identical to those used in Experiment 1. The order of presentation of the stimuli and screen-side of presentation were randomized in a similar manner to that used in Experiment 1.
Procedure
Testing for the full protocol occurred in a single session. Participants reported to the laboratory at either 10:00am or 1:00pm. Upon arrival, participants completed informed consent and had the opportunity to ask any additional questions about the study. Following this introduction, participants completed a battery of online demographic and self-report questionnaires as part of the larger protocol.
Hormone and placebo administration. After the completion of the online questionnaires, participants received their initial blood draw, where a phlebotomist drew 10 mL of blood. Blood samples were allowed to clot and then were centrifuged at 3000 rpm, after which serum samples were extracted and then stored in -60°C refrigeration until assayed. Next, participants were randomly assigned to one of two experimental conditions: 150 mg of AndroGel®, or equivalent placebo. Drug condition (AndroGel® or placebo) was fully randomized across participants. Regardless of drug condition, a male research assistant who was blind to the experimental condition applied topical gel to the upper arm and shoulder area. After gel application, participants rested for 1 hour, after which they received their second blood draw, and then performed a series of computer-based tasks assessing social perception, cognition, and
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decision-making abilities over approximately a one-hour span. The third and fourth blood draws were spread out over the rest of the protocol, with the final blood draw occurring directly before the facial femininity task that occurred at approximately 2 hours and 15 minutes post drug administration (M = 133.03 min, SD = 10.38 min). At the end of the protocol, participants were asked if they thought they had received T or placebo. A binomial test indicated that participants were precisely at chance level (p = 1.0) for correctly identifying whether or not they had received T.
Prior to the facial femininity task, participants completed other tasks for hypotheses unrelated to the present study. These tasks included the ‗Pick Your Own Face' task (Welling et al., 2016) , Point Subtraction Aggression Paradigm (Carré et al., in press ), Balloon Analogue Risk
Taking task, a risk-preference task, and an emotion recognition task 3 .
Facial preferences task. The tasks and instructions were identical in nature to those reported in Experiment 1. Briefly, participants rated 20 pairs of female faces (each pair with one masculinized and one feminized version of the same individual) twice: once for attractiveness as a short-term partner, and once for attractiveness as a long-term partner. Twenty pairs were all rated for one relationship context before moving on to the other context. As with Experiment 1, each variable was randomized, including the order of context, the order of stimuli, and the side of the screen on which the masculine or feminine version of each pair was presented.
Initial Processing of Data
Hormone Assays. Using commercially-available enzyme immunoassay kits (DRG International), blood serum samples were assayed for total T concentrations. All samples were assayed in duplicate, with the average of the duplicates being recorded for statistical analyses.
3 Statistically controlling for performance on these other measures did not alter the significance of any of the results.
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The intra-and inter-assay coefficients of variation were 7.38% and 16.03%, respectively. The analytical sensitivity of the testosterone assay is .085 ng/mL.
Face preferences. As in Experiment 1, the number of trials in which the more feminine face from each pair was selected as attractive was calculated for each relationship context (shortterm and long-term) and each experimental drug condition (T or placebo). (See Figure 4) .
Results and Discussion
Testosterone Concentrations
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Femininity Preferences
One sample t-tests comparing the number of times the feminine versions of the female faces were chosen against the chance value of 10 revealed that participants chose the feminine face as more attractive across both drugs and contexts [T/Short-term (t(47) = 17.74, p < .001),
T/Long-term (t(44) = 11.64, p < .001), P/Short-term (t(44) = 14.01, p < .001), P/Long-term (t (44) = 14.28, p < .001)]. Results of Experiment 2 are consistent with the findings from Experiment 1 (for men who received P on the first test session and T on the second test session). Specifically, participants who received T significantly preferred feminine faces more in the short-term relative to the longterm context. Also, as in Experiment 1 (for men who received P on the first test session and T on the second test session), this effect was driven by a lower preference for feminine faces in the long-term context.
General Discussion
The experiments presented here are the first to test the causal effects of exogenous T on men's preferences for facial femininity across both short-and long-term mating contexts. In both Experiment 1 and 2, initial face preference analyses suggested that regardless of mating context, participants preferred the feminine faces significantly more than the masculine faces-an effect that aligns with previous findings showing that men indeed show a preference for feminine versus masculine faces (e.g., Jones et al., 2007; Welling et al., 2008 Welling et al., , 2013 . For main analyses, results revealed that participants showed a stronger preference for feminine faces in the shortterm context versus the long-term context after T relative to placebo, although in Experiment 1, this effect was found only among men who receive P on the first test session and T on the second test session.
Although participants on T preferred feminine faces more in the short-than the long-term mating context, this effect appears to be driven by a smaller preference for feminine faces in the long-term context. This somewhat surprising finding requires consideration of a number of
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TESTOSTERONE AND FACIAL PREFERENCES 20 factors for interpretation. Given that T may increase interest in uncommitted sex (e.g., Puts et al., 2015) , it is possible that an acute rise in T makes men less attuned to women in committed, longterm contexts, and thus women's characteristics in this context could be less salient. In other words, the smaller preferences for feminine faces in the long-term context by men who received T could represent a lower level of general interest in long-term mating, rather than a lower preference for femininity, per se. Should this be the case, it might be expected that men's preferences for feminine faces would be closer to chance level (i.e., 10 out of 20 faces) in the long-term when they had received T; although femininity preferences in this case were indeed closer to chance, the results of one sample t-tests confirmed that the preferences for feminine faces were still significantly above chance, so this explanation may not tell the whole story.
Another possibility for the pattern of results is the presence of ceiling effects for T-treated men. Should participants have been given a greater range of morph percentages to rate, and at levels that make feminization less salient (e.g., 15% feminized, 30% feminized), results might have shown that men receiving T preferred feminine faces significantly more so in the short-term versus the long-term context, but also significantly more so than preferences identified for either context when on placebo. In other words, if there are indeed ceiling effects present, the results found in the present study might actually be underestimated.
A third, more speculative possibility, is that T influences sensitivity to infidelity cues.
Recent investigations have shown that near peak fertility, women's faces are not only rated as more attractive by observers, but are also characteristically more feminine in appearance (Oberzaucher et al., 2012; Puts et al., 2013; Roberts et al., 2004) . Feminine female faces, both as composites and real faces, are accurately rated by men as having a more unrestricted sociosexuality (i.e., more likely to pursue short-term relationships; Boothroyd et al., 2011; Boothroyd et al., 2008 ; but see Campbell et al., 2009) , and near ovulation, some women report a greater sex drive, as well as interest in, or fantasy about, extra-pair partners (Gangestad et al., 2002; Gangestad et al., 2010; Haselton & Gangestad, 2006; see Gangestad & Thornhill, 2008, for review). Further, men show an increase in jealous mate-guarding for women near ovulation (Gangestad et al., 2002) , which is of evolutionary importance, given that ovulation reflects a period in which a man's reproductive probability may be compromised by partner defection (Buss & Haselton, 2005) . Although speculative, when considered in the context of this evidence, the present findings that men on T show a significantly greater preference for feminine female faces in the short-term versus long-term contexts (but no difference in context preference when on placebo) could suggest the possibility that T may increase men's sensitivity to infidelity cues, perhaps triggering careful decision-making regarding the trade-off between a healthy partner with good genes (i.e., feminine faces), and personality/potential for defection (i.e., a more masculine face offering reduced likelihood of cheating) when it comes to selecting a long-term mate. The present design did not allow a direct test of this hypothesis, so this remains entirely speculative as one of many possibilities for the pattern observed. Future research will be needed to ascertain whether men's perceptions of putative signals of infidelity risk vary as a function of their own T levels, and whether any such effects are predictive of men's preferences for feminine facial femininity. Moreover, any such hypothesis would need to be contrasted with other likely alternatives, such as men on T feeling more interest in short-term mating, and as such, less interest in long-term mating.
Of note is that the effects of Experiment 2 are consistent with those of Experiment 1 (for men who received P on the first test session and T on the second test session), despite measurement of face preferences occurring 1 hour earlier in Experiment 2 (Experiment 2 =
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~2h15min post gel application versus Experiment 1 = ~3h15 min post gel application). Previous T administration studies have assessed behavior around 3 to 4 hours after peak T concentrations occur (see Bos et al., 2013, for review) . However, the current findings indicate that assessment of behavior at 2 hours or 3 hours post T administration yields similar results. Thus, it appears that T may exert relatively rapid effects on face perception. Whether assessment of behavior at earlier time points (e.g., 1 hour post administration) would reveal similar findings is an important question for future investigations. Research in animal models indicates that T can exert rapid, likely non-genomic effects on brain function and behavior (reviewed in Foradori, Weiser, & Handa, 2008) , and therefore, the presence of effects in humans earlier than 2 hours post administration is a possibility for investigation.
The present findings show both similarities to, and differences from, previous work. For instance, Welling et al. (2013) found that following a video game contest in which the outcome was unknowingly predetermined, winners (but not losers) showed significantly greater facial femininity preferences in the short-term versus the long-term contexts. As previously mentioned, there is evidence that winners of competitions experience a rise in T relative to losers (Archer, 2006; Carré & Olmstead, 2015) . Although not directly tested, if the findings in Welling et al. (2013) were mediated by competition-induced T dynamics, then the present finding that feminine face preference was significantly higher in the short-versus the long-term context when participants were on T (but not placebo) aligns with their findings. However, the present study differs from Welling et al. (2013) in that we did not find a difference between short-term femininity preferences on T Day, relative to short-term femininity preferences on placebo day.
One potential explanation for this apparent discrepancy is that those winning the competition may have not only experienced increased T levels, but may have also experienced increased M A N U S C R I P T
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perceptions of their own attractiveness or masculinity/dominance Welling et al., 2016 )-factors implicated in men's mating success (e.g., Rhodes et al., 2005) . Indeed, recent evidence suggests that competition outcome can modulate self-perceptions on sexuallyrelevant dimensions (e.g., dominance: Watkins & Jones, 2012) . Welling et al. (2008) found that across two separate testing days, men showed greater preference for feminized versus masculinized faces on the day in which the men's T levels were
higher. This study did not account for mating context (short-or long-term), which has now been shown to be an important consideration for men's facial preferences (e.g., Welling et al., 2013) , and thus may partially account for the discussed differences. The present study provides further evidence to suggest that mating context is an important consideration for mate preference research-particularly with respect to hormonal influences-and thus should also be considered, where possible, in future studies.
Limitations and Future Directions
A number of important limitations to our study should be noted. First, the findings from Experiment 1 indicated that the Drug by Context interaction was only found for men who received P on the first day of testing, and T on the second day of testing. Experiment 2, which employed a between-subjects design, revealed a similar Drug by Context interaction. We speculated that the novelty of the research context, which may increase stress and uncertainty, may in part underlie the order effect found in Experiment 1. However, if this were the case, we
should not have observed a similar Drug by Context interaction in Experiment 2, given that participants in Experiment 2 were also exposed to a novel experimental situation. Aside from differences in experimental design (within-vs. between-subjects), a few key differences between Experiment 1 and Experiment 2 are worth mentioning. First, Experiment 1 assessed face M A N U S C R I P T
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preferences approximately 3 hours after drug administration, whereas Experiment 2 assessed face preferences approximately 2 hours after drug administration. In light of known rapid effects of steroid hormones on sexual perception in animal models (e.g., Lord, Bond & Thompson, 2009 ), it remains possible that more robust effects of T on preferences for facial femininity may occur at earlier time points after drug administration (as seen in Experiment 2). However, this
would not explain why effects of T on femininity preferences were found for men in Experiment 1 who received T on the second day of testing. Another important methodological difference is that participants in Experiment 1 were tested in a novel environment (Urology Clinic) for the first 2 hours of testing, and then tested in another novel laboratory environment (University setting) for the remainder of the experiment. In Experiment 2, participants were tested in the same location for the duration of the study. Thus, perhaps the additional novelty in Experiment 1 may have enhanced stress, which in turn could have blunted the effects of T on femininity preferences for participants who received T on the first day of testing. Habituation to the experimental procedures may have dampened stress levels, allowing T to exert an influence on femininity preferences. Although we did not assess objective indices of stress (e.g., cortisol), correlational work suggests that individual differences in T concentrations positively predict numerous outcome measures (e.g., dominance, risk-taking), but only among individual with relatively low cortisol concentrations (Mehta & Josephs, 2010; Mehta et al., 2015) . This explanation is unlikely, however, given that order of drug administration did not moderate effects of exogenous T on other socio-cognitive processes assessed using the same dataset (Arnocky et al., 2016; Welling et al., 2016) . Clearly, more research will be needed to determine the extent to which order of drug administration plays a key role in modulating facial femininity preferences and the factor(s) that may underlie such order effects.
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Another limitation of the current experiments is that we used a forced-choice paradigm whereby participants chose either a masculinized or a feminized version of a woman's face as their preference for either a short-or long-term partner. However, it is conceivable that some participants would prefer neither face if given the choice. The option to select neither face could provide more insight into the potential for T to reduce general interest for mating in long-term contexts (e.g., if participants on T more often than not selected -neither‖ as their preference rather than a lower preference for femininity, it would provide some support for the view that T decreases general interest in long-term mating). In a similar respect, participants were not asked any questions about motivation for short-or long-term relationships, or given other tasks that address the broader topic of sexual motivation. To establish the mechanisms underlying the effects of the present study, future investigations will need to employ a wider variety of tasks, including those that measure participant interest and motivation to engage in each type of mating (short-or long-term partnerships), in addition to their preferences for facial femininity across these contexts. Further, while we replicate findings across two independent studies in the present investigation, the degree to which small differences in facial femininity preferences for longterm mates translates into observable behavior remains unclear; this may prove an important consideration for future work, in addition to the potential functional role(s) of hormone-mediated facial preference differences for long-term mates discussed above.
Although Experiment 1 had a relatively small sample size, it is consistent with other single T-administration studies conducted in women examining effects on social, cognitive, and behavioral processes (see Bos et al., 2013, for review) ; further, the within-subject design makes it a more powerful test of intra-individual variation in facial preferences. Experiment 2 bolstered these findings using a between-subjects design with a larger sample size of 93 men. Future T-
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administration studies may consider larger sample sizes in order to examine the extent to which individual difference factors moderate effects of T on preferences for facial femininity. For instance, previous work indicates that people scoring relatively high on sensation seeking demonstrate greater preferences for feminine faces (Jones et al., 2007) . Similarly, males rating themselves relatively high on attractiveness also demonstrate a stronger preference for feminine faces (Burriss et al., 2011) . Therefore, T may have a strong effect on preferences for female facial femininity, but this may be reserved for those individuals who perceive themselves to be highly attractive, or who are high in trait levels of sensation seeking.
Conclusion
The findings from both Experiment 1 and Experiment 2 provide the first evidence that a single administration of T can rapidly modulate preferences for female facial femininity in a mating-context dependent manner. Across studies, men showed a decreased preference for feminine female faces in the long-term relative to short-term context when they were administered T, but this difference was not present when they were administered placebo. While the study design prevented the confident identification of underlying psychological mechanisms, future studies can seek to extend the present findings and further contrast potential influences of T on general mating motivation across short-and long-term contexts.
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Funding Statement
This A C C E P T E D M A N U S C R I P T Highlights -Men demonstrate a stronger preference for feminine female faces for short-term versus longterm mating contexts.
-In Exp 1 (n = 24, within-subject, cross-over design), a single dose of testosterone (T) caused an increase in preferences for feminine female faces in short-term versus long-term mating context -but this effect was only found for men who received placebo on the first test session, and T on the second test session -In Exp 2 (n = 93, between-subject design), a single dose of T caused an increase in preferences for feminine female faces in short-term versus long-term mating contexts.
-These are the first studies to investigate the causal role of T in modulating men's preferences for feminine female faces across different mating contexts.
